The association of the incidence of coronary heart disease (CHD) with smoking habits was studied for 45 years in over 3,000 healthy, employed men, aged 39 to 59 years, at intake into a prospective, epidemiological investigation. The risk of CHD was significantly associated both with current and former cigarette usage. More specifically, this association was found to prevail in men suffering symptomatic and fatal myocardial infarction but not in men sustaining silent myocardial infarction or angina pectoris only and was much stronger in younger than in older age groups.
associations remained.
The cigarette-CHD relationship was studied further in men with and without the coronary-prone behavior pattern (type A). In The need for further studies to define possible causal relationships seems clear. The occurrence of clinical CHD during 4i years of follow-up in the Western Collaborative Group Study (WCGS), a prospective study of 3,182 employed men,3 provided the opportunity of determining longitudinally the association of past and current smoking history with the incidence of CHD and also of determining cross-sectionally the association of smoking habits with the levels of an Circulation, Volume XXXVIII, December 1968 array of other factors capable of influencing the risk of CHD.
Methods
The methodology of this study has previously been published in detail. 3 Comprehensive data were obtained at intake (1960) (1961) and at annual follow-up examinations. The population consisted of 3,296 male employees of 11 California corporations, aged 39 to 59 years at intake in the study, of whom 3,182 were judged to be free of clinical coronary heart disease (CHD) at intake. Nearly 3,000 men were still under surveillance at the end of 1965, the cutoff point for data analyzed in this report. Data gathered at intake and at annual follow-up included medical history of parents and self, education, occupation, income, dietary habits, exercise, and smoking, measures of blood pressure, blood lipids, body habitus, electrocardiograms, determinations of "the coronary-prone behavior pattern," and other variables. The fasting triglycerides were initially determined in 1962. Changes in smoking habits were minor in this population over this 1 to 2-year interval. An additional description of procedures is found in a later report by the same team. 4 These 39 to 59-year-old men were free of clinical CHD at intake and were in sufficiently sound general health to be pursuing full-time employment. The diagnosis of myocardial infarction or angina pectoris was made solely by the independent medical referee of the study. 3 The CHD incidence data are based on the 133 cases certified by the medical referee for the mean 4k2-year period of follow-up from intake into the study (1960) (1961) through the 1965 examinations. The categories of the smoking variable were developed from the participants' reports at intake. Due to the complexity of the data, it was not feasible further to subdivide former smokers by the recency of stopping smoking or the number of cigarettes smoked prior to stopping. Similarly, although data are available on year by year changes in smoking habits, these fluctuations will not be considered in the present paper. In a further effort to retain adequate sample sizes in each subgroup, only four smoking categories were established for each age decade for the analyses of CHD incidence.
For the cross-sectional analysis of the relationship of smoking to other possible CHD risk factors, all subjects were classified by their cigarette usage into the following six groups: (1) men who had never smoked, (2) men who had smoked cigarettes but had stopped prior to entry into the WCGS (former cigarette smokers), (3) men who at entry into WCGS were current or former smokers of only pipes or cigars or both, (4) men Circulation, Volume XXXVIII, December 1968 who at entry smoked 1 to 15 cigarettes per day, (5) The irregularities in the observed associations of CHD incidence with smoking history and with number of cigarettes smoked daily could be due in part to the small samples but could not be ascribed to differences in the mean ages of various subgroups, since these were closely similar.
In view of the above findings, it was believed important to determine whether the association of smoking habits to the incidence of CHD prevailed for all types of initially manifested CHD. For this purpose the incidence rates were examined by smoking history in subjects whose clinical CHD initially was manifested by angina pectoris alone or by myocardial infarction. Subjects who incurred myocardial infarction also were subdivided on the basis of whether the infarction was symptomatic or clinically unrecognized (silent) or fatal. In the younger age decade ( (3.6) . Myocardial infarction occurred significantly more often in moderate and heavy cigarette smokers (11.0) than in light cigarette smokers (5.0). Only small nonsignificant differences between smoking groups were observed for incidence of angina pectoris. Among the subjects whose CHD was manifested by myocardial infarction, the incidence of symptomatic infarction was significantly higher in former (7.1) and current (7. 3) cigarette smokers than in men who had never smoked cigarettes (1.9) and again was significantly higher in moderate to heavy cigarette smokers (7.9) Tables 6 and 7 show the significance of the association between smoking and CHD incidence under each of the 10 "controlled" circumstances and also display the estimated annual CHD incidence adjusted to eliminate the slight age differences and not so slight differences in each of these other risk factors among the six smoking habit categories. Heeding the implications that smoking has a different relative influence on cardiovascular variables at different ages (tables 4 and 5), the population was divided into separate age decades for these analyses. Table 6 reports the association of smoking behavior with rate of CHD-controlled for age and other risk factors among men aged 39 to 49 years at entry into the study. Smoking behavior retains a significant association with incidence of CHD even when the influence of age and any one of the 10 other risk factors is statistically removed. The surprising constancy of the figures in each column (for example, for those who "never smoked" the 10 adjusted rates are all between 29 and 36) suggests that in general the adjustments for the two covariates in each computation caused very little practical alteration of the rates. When the combined contribution of nine risk factors, plus age, are taken into account, the differences in CHD rates between smoking categories remain statistically significant (P = 0.04) and retain approximately the same quantitative relationship, including a 2.7 to 1.0 relative risk for heavy smokers compared to men who never smoked. For all analyses of this younger age group, the pipe or cigar smokers had the lowest CHD incidence and the smokers of over 25 cigarettes per day had the highest rate.
Among the men aged 50 to 59, smoking category was not associated at a statistically significant level with incidence of CHD when each risk factor was considered separately, nor when all risk factors were considered simultaneously (table 7). The differences observed among CHD rates could occur by chance on the average of about 12 times in a hundred such sets of six (smoking) samples. Significance was nearly attained when diastolic blood pressure was a covariate (P = 0.066) as compared with the usual standard for acceptance of P = 0.050. In eight of the analyses the "never smoked" group showed the lowest rate. In one instance and one tie the lowest rate was among the smokers of 1 to 15 cigarettes per day. For all analyses for both age groups, however, the smokers of over 25 cigarettes per day had by far the highest CHD rates.
Epidemiologists have observed that many factors associated with elevated risk of CHD exhibit higher relative risk ratios among younger persons than the same risk factor quantified in the same way exhibits in an older cohort. This situation is repeated here with regard to the association of smoking and CHD. These data do not negate a possible influence of cigarette smoking in the older group, but rather suggest that exposure to all atherogenic factors over a longer time interval increases the CHD risk of all subjects regardless of smoking history. Thus, an increase of the denominator (the CHD rate of the "low risk group" on any one factor) may be a major reason for the reduction of relative risk ratios (rate of high risk group divided by rate of low risk group) among older subjects.
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(type A = high risk, type B = low risk). Smoking behavior in this study is also treated as a categorical variable. CHD status, while basically dichotomous, is treated as continuous inasmuch as group rates are under study. These conditions suggested the use of a two-way analysis of variance design in considering the simultaneous influence of smoking and behavior patterns on CHD incidence rates.
The analysis of covariance involves twoway classification with disproportionate cell sizes. To avoid the confounding of significant main effects in this nonorthogonal design and to permit direct interpretation of results, the analysis has been computed twice with order of effects permuted. Tables 9 and 10 summarize the findings of these procedures.
The findings in the younger age decade are shown in table 9 . CHD occurred in only three pipe or cigar smokers and in only five light cigarette smokers (1 to 15 per day), precluding meaningful comparison in these categories between men of different behavior patterns. The CHD rates in the remaining smoking categories were from 2.7 to 5.1 times greater in the type A subjects than in their respective type B counterparts. The overall difference in CHD rates in type A and type B men was highly significant (P = 0.001). The contrast between the strong association between CHD and moderate, heavy, and former cigarette usage in type A men as compared with the relatively low rates among type B men of all smoking categories can be accepted as a genuine difference in pattern, the F-ratio for interaction being highly significant (P = 0.01). This suggests that the impact of smoking on CHD rates is strongly modified by behavior type. The incidence of CHD was observed to be substantially higher in moderate and heavy cigarette smokers only if they also exhibited the type A behavior pattem. Indeed, as also shown in table 9, the CHD rates in the heavy type B cigarette smokers was less than that observed in type A men who had never smoked and was less than half that observed in type A men who had stopped smoking prior to intake into the study.
The CHD rates were greater for the older type A than type B men in all categories, although in one category this difference was small ( A final set of hypotheses has questioned whether the increased CHD rate of cigarette smokers may be ascribed to other characteristics of smokers that may be responsible for their enhanced coronary-proneness. One such specific hypothesis concerns exercise habits. Thus, the incidence of CHD and especially of fatal myocardial infarction is increased in men who are habitually physically inactive. 19 Another approach to this issue resides in the observations by many investigators of personality and behavioral differences between cigarette smokers and nonsmokers or pipe and cigar smokers. Thus cigarette smokers have been found to exhibit enhanced anger and hostility under stress,36 37 to be more extroverted, less rigid,38 and more energetic and restless39 than nonsmokers. Although a well-defined smoker's personality has not emerged from these reports,2 the differences appear sufficient to support the association of a difference of psychological makeup2 and to lead to the suspicion that the association of cigarette smoking and CHD incidence may in part be complicated by personality and behavioral differences of cigarette smokers40 and by differences in their exposure and response to stressful socioeconomic and other pressures. The higher rate of CHD found in men with certain stressful occupations has remained high even among those who have stopped smoking. 22' 41 The present study revealed interesting findings in this regard. Men with the type A behavior pattern, previously found to be associated with increased prevalence9' 10 and incidence3' 4 It is important to observe that type A men of the younger decade who had never smoked exhibited a CHD incidence slightly greater than type B men who were currently moderate to heavy smokers of cigarettes. While the independent association of smoking and of behavior type with CHD are both highly significant, the clear-cut interaction described above underscores the complexity of these relationships.
The parallel analysis for the older decade shows no such complexity of interaction among these variables. Moderate to heavy smokers had two to three times the CHD rates of men who never smoked among both type A and type B men. However, behavior type also shows a strong, direct association with CHD in this age decade with type A men having higher rates than their type B counterparts in all six smoking categories. In any event, the present findings lend considerable support to the belief of some observers38-42 that the effects of cigarette smoking on the incidence of CHD are in part related to behavioral characteristics which enhance coronary proneness,3 4, 9-11 although such relationships are observed more significantly in younger age groups.
What might account for the different dynamic relationships of these variables in the different age decades? Our data do not speak to these issues, but certain categories of explanation might be raised as hypotheses. CHD seems to become a less "well focused" disease with advancing age. Traditional risk factors tend to lose individual sensitivity in older decades, as the process of aging and prolonged exposure to all atherogenic factors make it impossible to ascribe a given case of CHD to a distinct anomaly in one or two specific risk factors. A second category of explanation would involve the possibility that different kinds of men developed into heavy cigarette smokers (or pipe smokers, or others) in the life histories of the two decades of men in this sample ("cohort effect").
